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Monitoring and Analysis
of Occupational Exposure
to Chain Saw Exhausts

The extent of inhalation exposure to loggers from two-stroke chain saws was measured

and evaluated under various conditions.Carbon  monoxide, measured by personal air

monitormg  and determination of carboxyhemoglobin levels of the loggers, was used as

an indicator of exhaust exposure.Video recordings were made to analyze the influence

of varying working conditions and the Individual handling of the chain saw on the

amount of pollutants inhaled.The  American Conference of Governmental Industrial

Hygienists biologlcal  exposure Index (BEI) for carboxyhemoglobin (3.5%) was exceeded

during logging in heavy timber  stands.When workers were paid on a piecework basis,

carboxyhemoglobinemia Increased to Its maximum level in the first 2-3 hours of the shift

and then declined.After  8 hours carboxyhemoglobin levels were 20-30%  lower compared

with the maximum. Increased exhaust inhalation  with short-term exposures to carbon

monoxide up to 400 ppm was observed in the following conditions: (1) felling operations,

(2) other operations performed in a leaning or squatting position, (3) limbing in thick tops

of coniferous trees, (4) working at low wind velocity, and (5) working in thick forest stands.

Maximum allowable blood concentratlons  for carboxyhemoglobin are exceeded in chain

saw operators in logging operations. Blood sampling at the end of the workday is not always

suitable for determrning the highest carboxyhemoglobin levels In loggers during the shift.

The exposure of chain saw operators to exhaust increases under certain conditions.

Keywords: biological monitoring, carbon monoxide, carboxyhemoglobin, chain

saw operator, chronic heart disease, video recordings

M
odcrn logging methods hdvc incrcascd
efficiency in the forcstt-y  industry and
induenccd \vorking conditions of chain
sav opcrutors.  T h e  LIX  o f  two-stroke

&in sa\vs in logging operations for 5 0 %  a n d
more of the \vork  shift is not LIIILISLI~.  The c.w
diocirculatory strain of the loggers is found to bc
close t o  the m~simum  wntinuous  pcrformancc
Icvcl’ ‘2 x-td t‘vcn  wll abo\x it in opcrxions i n
mount~~inous  tcrmin.” The osygcn consumption
of the logpcrs aiiounts  to &out 50% of the max-
imum oxygen  uptake;‘.’ the  clcc3ted  alvcol,~r  vcn-
tilation lrxis to incrczxd esh,lust inh.ilation.

The nvo-stroke &in SJW  e x h a u s t  contGx
the following tosic combust ion compouticis:

5-I 0% sxbon monosidc  (CO), 25% hydroca-
bans  (HC), 0.5% nitrogen oxides (NO,), and
0.5% aldchydes.~“~  As much as 30% of the titel-air
mixture remains unburned and is emitted 3s
exhaust, which lads to H C  emissions much
h i g h e r  than in t&r-stroke engines. Ho\vever,
NO, emissions  xe 30 times lower than in four-
stroke spa4-ignition engines. Altering the f&l-
Jir misturc changes the amounts of  harmful
substances emitted.‘“’

iMeasuring  CO levels is an effcctivc way of
gxtging cshaust csposurc,  as CO is the m a i n
toxic compound emitted by two-stroke &in
SJWS. Atier inh&tion  CO is bound JS carbosvhe-
moglobin (COHb)  aid c~rbosym~oglobin,  tiom
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w h i c h  i t  ir; not  c.lsil\. rclcascd. (‘0 II,!\ Jii  .,,;1...., (01 ilcnlc~globin
~~~~~~r(~.\irn.itcl~~ 240 times grcatcr t h a n  osv~rcn  a n d  an aftinin~  tin5
m\oglobin  that is 20 times grcatcr. In mitochondri,l, CO Icads to
bl&king  o f  c!~tocllromc-.l~-osicl3sc.‘“~” CO rcduccs  the iardiac
threshold k,r ventricular  tihrill.ition  during nl!~ocardial  ischcmi.i.‘S’

In a Sniss stud!;\‘!  5 l’% of the logpcrs sur\ywi reported chain
saw cshausr-r&cd health  complaints, Lvhilc in a similar in\,cstiga-
tion, 93% of 200 Swedish loggers  survqcd  rcportcd  tiquent  or
occasional discomfort as a result  of chain sa\v exhaust  cxposurc.‘“i
Of 857  forestry workers  surveyzd  in a Gcrmm study, 91 com-
plained of shortness  of breath and 13 1 of tightness in the chest
while operating thrir chain saws; of those, 9 had lost consciousness
at lcast onc~..“~  Further ~OI~IIIOII  complaints included a (chcq)
irritant cough, burning cycs, headache, nausea, and dizziness.
Haqberq ct al.““’ also found minor lung function changes due toc c
esposure to chain saw eshaust.

Health problems appcarcd  most often when air circulation \vas
poor \vhilc the chain sau’ lvas in use. Most of the Swedish loggers
reported health  problems in deep sno\v (86%,),  thick forest  stands
(440/u),  and calm weather (3%).  The German chain saw operators
reported s!;mptoms in coniferous forest nvice as often as in the
sparser dcclduous stands.

To evaluate the cshaust esposure of chain saw operators under
different conditions, amounts of exhaust inhalation were in\,csti-
gated by CO esposurc measurements and biological monitoring of
COHb.  Environmental and working conditions influencing the
CO exposure of the workers were studied by video recordings.

SUBJECTS AND M ETHODS

This study was conducted during the summers  of 1994 and 1995
and in the winter 1995-1996 in coniferous and deciduous t&-

cst stands. Locations were selected  under the premise that extreme
conditions in forest stand thickness and terrain should be avoided.
Meusurcmrnts  were taken during the felling of trees as well as dur-
ing the thinning out of stands. The meteorological conditions
were recorded by noting wind speed and direction, tempcraturc,
and humidity. Output of cut wood and the duration of run cycles
of the chain saws wrrc reported every hour.

Two-stroke chain saws (Stihl Type 044C,  Waiblingen,
Germany and Husqvarna Type 242s~ cat, Huskvarna, Sweden)
equipped with catalytic converters were operated with a mixture of
oil and gasoline in the ratio of 1:50. The lead-free gasolines used
in the study (Motornix for Stihl and &pen 2T for Husqvarna
cngincs) arc specially recommended  by the manuhcturcrs  of the
chain saws. A gas chromatography analysis showed both brands to
bc ticc of bcnzcne, implying a probability of lower  cancer  risk fix

users in comparison with normal gasoline.
Fourteen chain saw operators volunterred  for the studies; all

were trained professional loggrrs (Table I). Twenty-two series of
measurements on 11 subjects (10 nonsmokers and 1 smoker)  were
carried out during logging operations of spruces  and beeches.
While thinning out stands, 14 series of measuremcnts  on 7 subjrcts
(6 nonsmokers and 1 smoker) were done. The daily profiles of
COHb  lcvcls were measured during an S-hour shiti nith a musi-
mum interval of 1 hour between  samplings. In addition, OIIC  sam-
plc each was taken before  and after the shift. Capillarv  blood was
drawn from the fingertip of each subject with hcpari&cd  capil-
lariss a n d  immediately  a n a l y z e d  i n  a  Hrmosimctcr  0% 3
(!Uiometer, Copenhagen, Denmark).  The dcvicc was installed  in
a motor  home  equipped \vith temperature  regulation and placed
nest to the iorcst stand under noi-k.
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TABLE I. Demographic Characterization of the Study Group

MeanstSD Range
Demographic Characteristics (n = 14) (n = 14)

Age (years) 37.9 * 11.7 22-59
Occupational experience (years) 17.8 k 12.0 5-43
Weight (kg) 78.4 k 6.9 68-90
Height(m) 1.74f  0.077 1.62-1.87

A mrrc 35 pL of blood suffices for a set of analyses. The mn-

pies wcrc hcmolyzcd ultrasonically in a glass cuvettc  at 40 kHz fol-
lowed by photometric measurement at six different wavelengths
to determine the following parameters: total hemoglobin (tHb),
oxygen saturation of the hemoglobin by percentage (HbO,Sat),
COHb content  by pcrccntage (COHb),  mcthemoglobin  content
by perccntagc (MctHb),  and osygen content by volumc-pcrcent-
age ($0).

E a c h  cyslc of measuring  and clcnning of the system took
approgimatcly 1 minure.  At each sampling two capillary blood
samples wcrc dra\vn and the values from each averaged. The divcr-
gcncc bcnvccn the samples was ~0.2% COHb.  To validate the test
values, vc~~ous  blood samples were taken together  with the capil-
IJI-!~ blood s~mplcs at the end of the shift and csamincd  by gas
cllron~.ltogr,~p~~\~.  The masimum deviation from the photomctri-
tally obtained i&Its was 20.4%  COHb.

In addition, the CO concentration in the loggers breathing
zone was recorded with a Compur Dositox gas warning system
(Hartmann & Braun, Munich, Germany), which registered  the
C O  concentration cvcry 10 seconds  by a n  rlectrochcmical clcc-
trodc.’ I ” The dc\Gx was calibrated for a range from l-500 ppm
with a relative standard deviation (SD) <lo’%.  The recorded V&KS
were stored in a small solid state  memory (data logger) attached to
the clothing of each subject and lacer printed out in protocol form
by a personal  computer system. Thr device proved to be sensitive
to sudden jolts and bumps, which caused gaps to appear  in most
exposure  mcasurenients.

In a second scrics, video recordings (S-WE system) were used

to pinpoint the spatial espansion of the pollutants over time at‘ter
emission from the exhaust pipe of the chain saw. By installing two
cameras right-angled to each other, a three-dimensional image of
the cspansion of the exhaust cloud could be assembled.  To mnkc
the exhaust more visible, 15% diesel fuel was added to thr oil-
gasoline  mixture. To avoid damaging the catalysts, the platinum-
coated monoliths were removed t&n the test chain saws. The
diamctcr of the eshaust opening and the direction of emission
were not altered in any \vay by this procedure. The chain saw oper-
ators \\‘t‘re protected from pollutants of the eshaust by visor hel-
mcts fed by supplied fresh air.

RESULTS

The wcathcr  conditions during the espcrimcnt were not unusual,
especially as thcrc was no atmospheric inversion. The tempcru-

turn in summer ranged from 1 l-23°C \vith humidity between 4 7
and 84%,  in winter  from -17 to 6°C with 2 119% humidin  and a
maximum snow layer of 0.2 iii. Wind speeds were measured  from
0-1,s m/see  with an average wind speed of 0.4 m/xc.  The chain
saw was in operation for 22-60X of the working day; vnlucs over
jO% were rccordcd only during the thinning out of~~x~ng  stands.
During the course of the shift the operation time ofthc  chain sa\vs
per hour fell visibly after 3 hours when \\wkers wrc paid on a
piccc\\.ork basis. This rcsultcd in rcduccd  cfficicncy in the &moon.



CO Exposure Levels

The threshold l imit  value of 25 ppm for C O  1v.1~ rcpeatcdl!
cacccdcd during the performance ofall tasks. Occasionnll~~  the CO
concentration climhcd  as high as 400 ppm during felling and limb
ing dense tops of coniferous trees. Mtsimum  Ic\& of >SOO  ppm
were rKcordcd in isolated casts. The highest n~asimun~  ~~ILICS  f01
CO could not be measured  exactly because the device’s upper cal-
ibration limit of 500 ppm was exceeded.

Figure 1 shons thr CO curves durin,cr the tilling and limbing
of two large spruces. Although both trees were felled on the same
day in the same stand, onK after the other, i.K., under basicall\
identical conditions, the Knposurc of the chain saw operator dif-
fered grKatIy.  While the Kshaust inhalation during thr actual felling
of the two trrrs is comparable, the inhalation during the limbing
operation is significantly higher for the second tree because of its
thicker crown.

I-

FIGURE 1. CO exposure of a chain saw operator during harvesting of two thick
rprutes,o-tree  A (3.46 ml),x- tree 8 (3.6 ml)

Due to the hard working conditions and the shock sensitivity of
the device, some test values (an average of 14’%, range 0.4~94.1%)
in the measurement cycles were not recorded. Nevertheless, three
complete cycles of CO measurements over an Kntire shift were
obtained. The first was taken in a spruce stand of medium thickness
and revealed an g-hour  time-weighted average (TWA) CO conccn-
tration of 24.3 ppm; the second during thinning of a young conif-
erous stand, which gave a TWA valut: for CO Kxposure of 16.2 ppm;
and the third, a TWA value of23.7 ppm while logging beechKs.

COHb Concentrations

ues at thr end of thK  shift. The logging of bKechKs  was done in a
regular shift (no piecework), because  some of the treKs had to be

Figures 2 and 3 show means (SD of COHb daily profiles of non
smoking loggers for two diffKrent tasks where thK  chain saw was
used (logging of coniferous  and deciduous trees). The masimum
values were reached at‘ter 2-3 hours in coniferous stands under
piecework conditions. As thK  shift continued, thK  COHb level
slowly decreased until it was 20-30X lower than the maximum val-

6-
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FlGURE2.Logginginconiferousrtands,meanrandSDrofCOHbin  lOnonsmoking
chain saw operators during an &hour  shift

Tv1.0 measurement cyelcs were run on the only smoker in the
subject group. In the first cycle thK  initial concentration  of COHb
was 4.7%. This value increased to 6.5% after 2.5 hours of thinning
out a young  sr~nci  of spruces. The second cycle was taken during
the harvesting of trees in dense forest. The COHb lrvei rose from
an initial concentration of 4.40/o to 8.0% after 2.5 hours. In both
cases, the subject had smoked one cigarrtte  from the beginning of
the shift until the maximum COHb  value wx measured.
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FIGURE3.Logging  indeciduousstands,meansandSlkofCOHbin  lOnonsmoking
chain saw operators during an O-hour shift

pullKd down by a radio controlled winch ahen caught in the
branches of other trees.

Thinning out of coniferous and deciduous stands is shown in
Figures 4 and 5. Daily profiles of the forestry workers are similar
to those for logging spruces, but the COHb  concentrations remain
below thr biological exposure indes. The CO Kxposure  in the
stands of firs and spruces was slightly higher than in thK  sparser
deciduous stands as proven by CO measurements, and higher COHb
levels were also found in workers thinning out coniferous stands.

Contrary to expectations, the hot eshaust was not inm~Kdiately
swept upwards by thermal liti, but rKmainKd  close to the ground

Video Recordings

and tloatcd away in the direction of the vvind. This exposed all
loggers performing tasks in a leaning or squatting position (KspK-

ciallv felling) to greater amounts of exhaust. Furthcrmorc,  thK

distance between the exhaust pipe and the upper respiratory tract
was reduced during the felling operation by the logger’s squat-
ting position and bent arms as he cut horizontally into the trunk.
BCCUL~SC  trees arc usually cut down very close to the ground and
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FIGURE 4. Thinning out in coniferous stands, means and SDS of COHb  in six
nonsmoking chain saw operators during an 8-hour  shift

the eshaust pipr is pointed downnard  during this opcrution, the
eshaust is deflected by the trunk, the roots, and the ground and

directed towards the logger’s  respiratory trxt. While the logger
is bucking (cutting the f&n trunk into sm&r Icngths), thcrc is
Ilgain d partial detlcstion of the cshaust from the trunk.
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FIGURE 5. Thinning out in deciduous stands, means and SDS of COHb in six
nonsmoking chain saw operatorsduring an 8-hour  shift

During the limb& of dead spruce bran&s,  the eshxlst  cloud
dritited  awry swiftly depending on the wind sprcd end direction.
Where green brunches were being cut, the exhaust accumulntcd
from low to fairly high concentrations, depending on the thickness
ofthe  top. The logger moved into the cloud ofrshaust  while limb-
ing. Above ali, wide crowns with overhanging bran&s cx~sed
large amounts of exhaust to build np and hc inhaled  by the logger.
Limbing the branches on the underside of the felled trunk must bc
done in 3 squatting or leaning position and conscqucntly led to
higher exhaust  inhalation.

D ISCUSSION

The description of the rcl,ltion  bctwcen  CO exposure  and rcsult-
ins COHb  ionccntrxion  is b,lsed o n  in cquxion  i n  \\hich J

1nc.111  Ic\,cl of pll\,hii.ll  cscrtion was ,lssumcd.‘“)  & c o r d -
ing to this formula  i CO csposurc of 30 ppm lcads to J COHb
o f  ,S”k Ho\\.cvcr,  loggin g is cstrcmclv phvsic+ dcmmding.  The
~orrcsponciin~l!,  higher  rcspimtion  r&c ilicreascs the C O  inh&-
tion of the &in s3w operators UK{ Ic,xds  to COHb values esceed-
ing the 1~iologic.J tolerdncc  WIUC despite CO remaining  below the
m~simum  Jlow,tble workplxc conccntrxion  in the dir.

The cftisicnq  of the t&-cstry  workers drops during the course
ofthc shift, cspcci3lly ufhcn  paid on LI picce\vork  basis. The output
of cut wood was 20-X)% lower in the &rnoon  thJn in the
morning.  Thercforc, the chain saws were not in use ;1s often,
which led to ;I loiver esh,iust  esposurc. Taking the biological
half-life of COHb (Jpprosimatrly  5 hours) into consideration,
it scc’ms quite  plausible  that the COHb Icvcls of  the subjects
would  Ml 11s the shift progesscd. For this reuson, taking  blood
sm~plcs  only at the end of the shift is not always JII appropriate
method for determining maximum carbos),hcmoSlobinrmia  of
chain WV opcrJtors.

In n C,mJdinn study on tivc subjects, CO exposure MS higher
(up to 37 ppm)  while COHb  Icvels reached 3.4% only (onr Sam-
pIinS just b&t-c IIOOII) and were not correluted  to exposure Icv-
els.““’  This may be because of the s~nall number of subjects.

Coronary xhcrosclerosis often begins to develop in men before
the!, turn 20, and for men nbovc ~g-e 35, coronary heurt disease
is the m o s t  c o m m o n  cmse  of death. In randomized doublc-
blind esperimcnts xi earlier onset uiid dn incrcasc of severity of
stress-induced stcnoc:ardia in subjects suffering from coronary
heart disease w e r e  o b s e r v e d  Jfter  they were esposed t o  l o w
COHb  levels (<3X).’  “.151 One  of 10 asymptomatic persons mani-
fested ischcmic ST-scgmcnt  depression. “1 The extreme physical
dcm,mds  on the loggers, paired with their COHb  levels of up to
6’%, could lcxl to the mx~ifestation  of coronary hez-t disease,
which might othcrwisr  remain latent. This would perhaps esplain
why more than 10% of the loggers in the German survey’“)
complained of shortness of breath and morr than 15% reported
.I tight feeling in the chest while working with the chain saw.
Both symptoms xre often observed during attacks of steno-
cardia. Eight percent of 1615 Swiss loggers had severe heart
compluints  Lvhile working with chain SWS, und 23% had OCC;I-
sional symproms.(‘6)

An mcreused thrombocyte aggregation ;IS an effect  of CO
esposurr “‘) and a CO-dependent lipid metabolism disturbx&‘s)
could be etiologically involved in the development of arterioscle-
rosis. A significant dose-depcndcnt increase in the prevalence
of angincl  pcctoris was found among foundry workers exposed
to CO.‘l”’ Elcvuted standard mortalitv rates for coronary heart
disease were recorded among New Y&k City tunnel officers.(“))
The CO concentration in the tunnel ranged from 30-40  ppm. In
J Swedish study of 375 dcceused loggers, an incrrased mortality
rate WJS  discovered for ischemic heart disease, cerebrovasculx
insults, and other  vascular disorders.‘*‘)

T h e  abo\ie-mentioiied potential link between CO exposure
and heart Jnd vxular  disorders in loggers and other occupations
indicxcs that additionnl attention should be placed on reduction
of csposure x well 3s consideration of biological monitoring
programs to cstimXe  esposure.

CONCLUSIONS

Exhaust  csposure of chain SW operators was determined by pcr-
SOII~  dir monitoring ofC0  and blood concentrations ofCOHb.

hlthough  very high short-term cspusures occurred often, the CO
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espos~~rc‘  (XYI’ ,111 cntirc  work shift rem,~incd  belo\\ the threshold
limit value (25 ppm). Nevertheless, the biological eqxxure  index
for COHb  n3s exceeded, because CO inhalation WE elevated by
forced ventilation from the high physicul work load in the forest.
Compared with CO in the inhaled air, COHb is the more valid
parameter for determining the exhaust exposure of chain saw opcr-
ators. In certain circumstances maximum COHb  levels are reached
after only 2-3 hours and then decline. Highest CO exposures were
observed during operations in A leaning or squatting position Icad-
ing to a shortened distance between the e.uhJust  outlet of the &in
saw and the upper respiratory tract ofthe  workers. In addition, low
wind speed and dense forest increased the exhaust inhalation.
Avoiding exposure peaks described and analyzed in this investi-
gation would lead to an effective reduction of exhaust inhalation
by chain saw operators.
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